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(54) WIND MICROTURBINE WITH AXIAL DEVELOPMENT

(57) A wind microturbine (1) with axial development
comprising a central shaft (2) extending mainly along a
vertical axis (Y) and provided with anchoring means (3)
adapted to be coupled to a support structure (T), a first
inner blade (4) of the dynamic resistance type, externally
coupled to the central shaft (2) and adapted to be rotated
about the vertical axis (Y) by the wind to which it is ex-
posed and which impacts against it to capture the kinetic
energy thereof and transform it into mechanical energy,
a second outer blade (5) of the dynamic load-bearing
type, coupled to the central shaft (2) and arranged exter-
nally coaxial to the first blade (4), adapted to be rotated
about the vertical axis (Y) by the wind to which it is ex-
posed and which impacts against it to capture the kinetic
energy thereof and transform it into mechanical energy,
electric generator means (6), applied to the central shaft
(2) and operatively connected to each of the blades (4,
5), adapted to transform the mechanical energy stored
therein into electrical energy to be provided to a user,
and dynamic joining means (7), applied to the central
shaft (2) and coupling the first blade (4) and the second
blade (5) together. In particular, the dynamic joining
means (7) cooperate with actuation means (8) so as to
make the rotation of the second outer blade (5) independ-
ent of the rotation of the first inner blade (4) while keeping
both the first inner blade (4) and the second outer blade
operatively connected to the electric generator means
(6) to produce electrical energy, when the angular speed
of the second outer blade (5), under the action of the
wind, reaches a predetermined threshold value (Rp-

mD[threshold]), set based on the dimensions of the
blades (4, 5).
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Description

[0001] The present invention refers to a wind microturbine (or wind generator) with axial development or with vertical
axis, particularly adapted to urban contexts or environments, lending itself in any case to be installed even in groups in
rural areas.
[0002] The technical concept underlying the wind microturbine with axial development (or even wind microturbine with
vertical axis) of the invention consists - in a nutshell and for illustrative purposes only, without trivializing its relevance -
of a hybrid constructive system between a wind turbine with vertical axis of the "resistance" type or "impact" type (also
commonly known as Savonius turbine, used to convert into electricity the kinetic energy of the wind transmitted to a
rotating shaft) and a wind turbine with vertical axis of the "load-bearing" type (also commonly known as Darrieus turbine,
used to generate electricity from the wind too).
[0003] In essence, therefore, the present invention is part of the field of wind microturbines (turbines capable of
delivering an electric power between approximately 300 Watts and 4 kWatt, for residential, rural and artisan uses, also
referred to as "home WT" or "community WT"), with non-invasive installations in the territory (compact device, both for
the surface affected by the wind and for the weight, and low noise level, in order to allow the application thereof, for
example on roofs or walls of houses, buildings, huts, floating platforms) and at variable, but rather low, heights from the
surface or ground (starting from a minimum of 6-7 meters in height up to a maximum of a few tens of meters in height),
in an urban housing context which, due to the morphology of the environment and height from the ground, is characterized
by high turbulence and ascending currents and with a rather variable distribution of the prevailing winds, typically from
3 m/s to 9 m/s. The wind microturbines currently on the market have a common feature: they are sized on the basis of
the average wind values of the site where they are to be installed.
[0004] The current normal practice involves collecting data by detecting them on site (very expensive solution) or from
existing historical maps, to produce a histogram of the percentage duration of the different wind speeds: on the basis
of these values, the sizing of the components of the microturbine are determined. However, this configuration of the
microturbine is static, as it is based on average data, and the sizing thereof cannot efficiently cover all the variances (a
function which, as known in statistics, provides a measure of the variability of the values taken by the variable itself;
specifically, the measure of how much they quadratically differ from the arithmetic mean or from the expected value).
[0005] The temporal distribution of the wind speed for a site is usually described using the Weibull statistical distribution
function which best approximates the distribution frequency of the average wind speeds, as shown in the following figures:

[0006] The Weibull distribution can be completely identified by two parameters, the scale factor A and the shape factor k.
[0007] In particular, the scale factor A - expressed in m/s - is uniquely linked to the average wind speed, while the
shape factor k - dimensionless - modifies the distribution symmetry: k values very close to 1 indicate very asymmetrical
distributions, while high k values (greater than 2) create symmetrical and regular distributions, similar to Gaussians (see
the two Cartesian graphs below and the following table in the lower part of the following page).
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particular, the greater the k value, the less dispersion around the average value.
[0008] Much of the research in the field of wind microturbines has so far concentrated on improving the aerodynamic
component of the generator: the blades of the microturbines currently on the market already reach very high performance
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levels (close to the physical limit defined by the Betz theorem).
[0009] Therefore, it is possible to assume that, in the face of a significant investment in the aerodynamic profile of a
microturbine, the expected result could improve the power produced by only a few percentage points.
[0010] The current invention has therefore focused on a possible structural evolution of the process of transforming
mechanical energy into electrical energy, introducing a programmable element on board the microturbine (such as an
electronic controller) capable of dynamically optimizing the configuration of the electric generators with respect to the
availability of mechanical energy produced by the wind turbine blades which, by definition, has a high variance over time
(deriving in turn from a transformation of the kinetic energy of the wind).
[0011] This configuration allows to dynamically adapt the turbine to the scale factor "A" and to the shape factor "k"
mentioned above.
[0012] As is also known, there are wind microturbines with vertical axis on the market of the so-called "hybrid" or
"combined" type, in the sense that they simultaneously use, in the same constructional solution, Savonius microturbine
blades and Darrieus microturbine blades; incidentally, this microturbine nomenclature involves a different geometry of
the rotor axis and, therefore, a different shape of the blades existing between the two types of wind microturbines
themselves.
[0013] The Savonius microturbine (referred to as "resistance" microturbine, as cited) can reach a rotation speed of
230-240 rpm and is therefore adapted to start with lowspeed winds (for example, 4 m/s or 5 m/s), but on the other hand
presents a loss of efficiency at higher wind speeds, as it has a low coefficient of power (CP).
[0014] On the contrary, the Darrieus microturbine (also called "load-bearing", as already mentioned) develops a greater
power (approximately four times the Savonius microturbine) being able to reach a rotation speed of up to 600 rpm and
being adapted to winds of stronger intensity (above 10 m/s), but, by definition, is not able to start autonomously (the
starting torque therein is zero).
[0015] For their part, the hybrid microturbines currently available on the market - moreover, in an embryonic and almost
theoretical state, considering their actual and indeed minimal diffusion - include a static configuration in which the two
blade systems are fixed on the same axis coaxially to each other: in addition to produce a portion of electrical energy,
the resistance microturbine is also used to start the load-bearing microturbine, arranged more externally, although in
reality it disadvantageously becomes an aerodynamic brake in case of high wind speeds. In this regard, see the following
explanatory Cartesian graphs, relating to the CP (Coefficient of Power) and TSR (Tip Speed Ratio, a parameter measuring
the ratio between the tangential speed of the tip of a blade and the effective wind speed) of a Savonius microturbine, a
Darrieus microturbine and a hybrid microturbine, from which the conversion curve allowing to switch from the kinetic
energy of the wind to the mechanical energy stored by the blades of the microturbines, to then be transformed by the
electric generators of the latter into electrical energy.
[0016] In particular, the CP parameter depends on the geometry of the blades and, in general, of the microturbine and
on the inclination of the blades as well as on the wind speed.
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[0017] It can clearly be observed how the presence of the two combined microturbines generates a lowering of per-
formance compared to the more performing Darrieus microturbine, giving rise to what, for all purposes, is unanimously
recognized as the main drawback (highlighted above) of the background art closest to the present invention.
[0018] A further drawback suffered by the known microturbines with vertical axis derives from the fact that their boasted
and merely presumed operative effectiveness is not accompanied by any mathematical model or use algorithm explaining
the dynamic behavior, nor by regulatory standards which measure the performance thereof, available instead for resist-
ance (or Savonius) microturbines and load-bearing (or Darrieus) microturbines.
[0019] This is reflected in substantial mistrust from the market in the field, which does not attribute reliability of use
thereto, which would in any case be desirable as hybrid microturbines seek to combine the advantages of resistance
microturbines and load-bearing microturbines in a single solution.
[0020] A further drawback of the hybrid microturbines with axial development in the background art derives from the
fact that the design and main operating principle thereof mainly if not essentially focus on the maximum power (or
efficiency) which they are capable of producing at a given instant and in the presence of a given (generally higher, greater
than 13 m/s) wind speed and not on the power which they are capable of producing in the unit of time (for example, a
few hours of exposure over a year) during which, notoriously and inevitably, the wind speed is distributed in an irregular
and variable manner: this determines a largely inefficient and non-optimal exploitation of the kinetic energy of the wind
by the hybrid wind microturbines of known type or, in other words, a very low ability of the latter to capture the kinetic
energy overall provided by the wind in a given time frame.
[0021] These drawbacks, in particular the main one described above, affect for example the hybrid wind microturbines
with axial development presented in the background art documents published as JP2007040239 A and ES1078572 U,
moreover equipped with a single electric generator: in these documents, the first inner blade of the Savonius microturbine
stops producing mechanical energy when the second outer blade of the Darrieus microturbine begins to rotate about
the vertical axis, thus starting to produce mechanical energy.
[0022] Therefore, starting from the awareness of the aforesaid drawbacks of the background art, the present invention
aims at completely and effectively remedying them.
[0023] Specifically, it is main purpose of the invention to provide a wind microturbine (or wind generator) with axial
development (or with vertical axis) of hybrid or combined design, as described above, which has improved performance
with respect to that of the equivalent hybrid wind microturbines of known type and at least equal to that of the traditional
load-bearing (or Darrieus) wind microturbines for the entire development of the CP/TSR conversion curve defined above.
[0024] In other words, it is main purpose of the invention to implement a hybrid-type wind microturbine with axial
development in which the inner blades of a resistance (or Savonius) microturbine are not an obstacle or disturbance to
the outer blades of a load-bearing (or Darrieus) microturbine, as occurs in the background art, but on the contrary,
emphasize the advantages thereof by effectively and efficiently cooperating therewith in the production of electrical
energy during operation.
[0025] In the cognitive sphere of such an object, it is task of the present invention to indicate a wind microturbine with
axial development (or with vertical axis) which has improved performance with respect to that of load-bearing (or Darrieus)
wind microturbines or resistance (or Savonius) wind microturbines of the background art.
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[0026] It is another purpose of the present invention to create a wind microturbine with axial development (or with
vertical axis) capable of exploiting the kinetic energy of the wind and transforming it into electrical energy provided to
users more efficiently than the known hybrid wind microturbines of vertical development.
[0027] It is a last but not least purpose of the invention to obtain a wind microturbine with axial development (or with
vertical axis) capable of widening the field of exploitation of the kinetic energy of wind with respect to what is allowed by
the hybrid wind microturbines of vertical development of the current state of the art. Said purposes are achieved by a
wind microturbine with axial development (or with vertical axis), particularly adapted to urban contexts, according to the
appended claim 1, to which reference is made for simplicity of presentation. Further detailed constructional technical
features of the wind microturbine with axial development of the invention, particularly adapted to urban or city contexts,
are reported in the corresponding dependent claims.
[0028] The present invention also refers to an operating method of a hybrid wind microturbine with axial development
(or, otherwise said, an electrical energy production method through a hybrid wind microturbine with axial development)
according to the corresponding claim 20, to which reference is made for brevity. Other operative technical features of
the operating method of a hybrid wind microturbine with axial development of the invention are contained in the respective
dependent claims.
[0029] The aforesaid claims, hereinafter specifically and concretely defined, are intended as an integral part of the
present description.
[0030] Advantageously, the wind microturbine with axial development (or with vertical axis) of the current invention is
an adaptive and flexible wind generator which allows to exploit all the power provided by a hybrid blade wind turbine
system, starting from low wind speeds to rise up to exploiting higher power peaks, not constraining the system to a fixed
electric generator size.
[0031] This is due to the fact that the first inner blade and the second outer blade are coupled to each other by means
of dynamic joining means, applied to the central shaft and cooperating with actuation means so as to make the rotation
of the second outer blade independent from the rotation of the first inner blade while keeping both the inner blade and
the outer blade operatively connected to the electric generator means when the second outer blade, under the action
of the wind, reaches a predetermined angular speed, set according to the dimensions of the blades considered adequate
for a given application.
[0032] Still advantageously, the wind microturbine with axial development (or with vertical axis) of the invention allows
the so-called "cut-in", i.e., the speed at which the microturbine begins to produce mechanical energy, to be reduced,
while allowing to get relevant mechanical torques for the production of energy, when the second series of wind turbine
blades, preferably with a wing profile, comes into operation. In practice, the wind microturbine of the invention includes
the presence of a first resistance blade, typical of a Savonius microturbine and preferably helical in shape, inside the
constructional assembly, and of a second load-bearing blade, typical of a Darrieus microturbine and preferably with a
wing profile of the NACA-0012 series or similar, more external in the constructional assembly: this is the standard
configuration used in hybrid wind turbine systems, with the significant difference that, in the invention, the two blades
are, under certain operative conditions connected to the wind, dynamically and operatively decoupled while being mount-
ed on the same central shaft and while simultaneously contributing to the production of electrical energy even in such
precise conditions.
[0033] The problem of independently managing the rotation of the two microturbines on the same axis, uncoupling
the inner Savonius rotor from the outer Darrieus rotor when the wind speed exceeds a certain value but keeping both
these rotors simultaneously active for the function for which they are used (i.e., the production of electrical energy), since
in this case, the first microturbine would otherwise become an aerodynamic brake for the second, as previously explained,
therefore decreasing the efficiency thereof, is solved in the invention by means of an appropriate implementation of
dynamic joining means, preferably automatically managed by a central processing and control unit.
[0034] In particular, in the initial operating step, at a certain rpm, the rotor of the Savonius blade is coupled to the rotor
of the Darrieus blade, for example by means of a progressive electromagnetic clutch (hence the term "dynamic" used
for the joining means).
[0035] This type of coupling advantageously allows to transfer the mechanical energy from the inner blade (or Savonius,
thus inaccurately definable, for simplification) in favor of the outer blade (or Darrieus, thus definable, again for simplifi-
cation), energy required to overcome the initial inertia of the latter.
[0036] Once the Darrieus blade has started and reaches a certain rpm (predetermined threshold value for the angular
speed of the second outer blade), the two rotors decouple again (i.e., the actuation means deactivate, for example, the
electromagnetic clutch by placing it in the non-operative position), such that the Savonius blade does not act as an
aerodynamic brake of the Darrieus blade, thus allowing to achieve the main object of the invention.
[0037] After the aforesaid mutual decoupling, the two microturbines therefore continue to function independently of
each other, each according to the characteristic diagram thereof and each producing electrical energy and the maximum
allowed nominal power.
[0038] Indeed, the first inner Savonius blade continues to rotate even after being decoupled from the second outer
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Darrieus blade but in a non-idle manner - as typically occurs in the background art, for example that shown by
JP20070402239 A and ES 1078572 U - but instead actively, remaining connected to the electric generator means and
thus continuing to produce electrical energy.
[0039] Similarly, the dynamic joining means (such as, preferably, the aforesaid progressive electromagnetic clutch)
are used if the kinetic energy of the wind reaches values such that it is necessary to slow down the rotation of the Darrieus
blade to maintain the number of revolutions of the electric generator, connected thereto, close to the nominal value: in
this case, the system for actuating the blades of the invention intervenes so that the first slower blade takes on an
aerodynamic brake function for the faster outer blade, providing that the inner blade returns to being integral in motion
with the outer blade.
[0040] Therefore, equally advantageously the hybrid-type wind microturbine with axial development (or with vertical
axis) of the present invention has a greater performance than that of the known type of hybrid wind microturbines.
[0041] Further features and peculiarities of the present invention will appear to a greater extent from the following
description, related to a preferred embodiment of the wind microturbine (or wind generator) with axial development (or
with vertical axis) claimed exclusively herein, given by way of indicative but non-limiting example, with the aid of the
accompanying drawings, in which:

- figure 1 is an axonometric view of the hybrid-type wind microturbine with axial development (or with vertical axis)
of the present invention;

- figure 2 is a longitudinal sectional view of the wind microturbine of figure 1;
- figure 2a is an enlargement of a first constructive assembly of figure 2;
- figure 3 is the axonometric view of a first constructive assembly of figure 1;
- figure 4 is the axonometric view of a detail of figure 3;
- figure 5 is the exploded view of figure 4;
- figure 6 is the axonometric view of a second constructive assembly of figure 1;
- figure 7 is a partial axonometric and split view of figure 6;
- figure 8 is an enlarged view of a third constructive assembly of figure 2;
- figure 9 is an enlarged view of a fourth constructive assembly of figure 2;
- figure 10 is a flow chart explaining the operation of the wind microturbine with axial development (or with vertical

axis) of the invention.

[0042] The wind microturbine with axial development, or with vertical axis, of the invention is shown in figure 1 where
it is globally indicated by reference number 1.
[0043] As it can be seen, the wind microturbine 1 comprises:

- a central shaft 2 extending mainly along a vertical axis Y and provided with anchoring means, indicated as a whole
with 3 and adapted to be coupled to a support structure T, such as a general pole or the roof of a house, of an
industrial plant or a cabin;

- a first inner blade, in the assembly indicated with 4 and of the dynamic resistance and spontaneous start type,
coupled to the central shaft 2 and adapted to be rotated about the vertical axis Y by the wind to which it is exposed
and which impacts against it to capture the kinetic energy thereof and transform it into mechanical energy;

- a second outer blade, in the assembly indicated with 5 and of the dynamic load-bearing type, coupled to the central
shaft 2 and arranged externally coaxial to the first inner blade 4, adapted to be rotated about the vertical axis Y by
the wind to which it is exposed and which impacts against it to capture the kinetic energy thereof and transform it
into mechanical energy;

- electric generator means, overall indicated with 6, applied to the central shaft 2 and operatively connected to each
of the blades 4, 5, having the function of transforming the mechanical energy stored therein into electrical energy
to be provided to users;

- dynamic joining means, overall indicated with 7, applied to the central shaft 2 and mutually coupling the first inner
blade 4 and the second outer blade 5.

[0044] In accordance with the invention, the dynamic operating means 7 cooperate with actuation means, not shown
for simplicity, so as to:

• make the rotation of the second outer blade 5 independent of the rotation of the first inner blade 4;
• simultaneously keep not only the second outer blade 5 but also the first inner blade 4 operatively connected to the

electric generator means 6,

when the angular speed of the second outer blade 5, under the action of the wind, reaches a predetermined threshold
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value RpmD[threshold], set based on the dimensions of the blades 4, 5.
[0045] This is in clear and significant contrast with the background art, represented for example by the prior documents
JP20070402239 A and ES 1078572 U, where the inner Savonius blade rotates substantially idle, without producing
electrical energy when uncoupled from the outer Darrieus blade which, meanwhile, operates at full capacity producing
the nominal electric power.
[0046] Preferably but not necessarily, in this case the actuation means comprise a central processing and control unit
(or electronic controller) available to an operator, electrically connected to an electrical energy source and to the dynamic
joining means 7 the operation of which is, therefore, appropriately managed automatically and continuously.
[0047] Accordingly, in the invention, movement of the first inner blade 4 and the second outer blade 5 is also managed
in a continuous and constant manner, better referred to as "dynamic", a condition which is particularly suitable considering
that the blades 4, 5 themselves come into contact with an atmospheric agent - wind - the intensity of which has an
unstable temporal distribution but features a high variance in the unit of time, as already highlighted above.
[0048] Still preferably, the first inner blade 4 and the second outer blade 5 rotate about the vertical axis Y in the same
direction, for example anticlockwise, while both are simultaneously transferring mechanical energy to the electric gen-
erator means 6 which in turn transform it into electrical energy; this aspect also contributes to maximizing the efficiency
of the hybrid wind turbine 1 of the invention.
[0049] More in detail, the actuation means arrange the dynamic joining means 7 alternately in at least:

• a first position, defined when the angular speed of the first inner blade 4 has a value (identified as RpmS in the block
diagram of figure 10) lower than a minimum preset value (identified as RpmS[minimum]) for a given prefixed time
interval Δt in turn lower than said predetermined threshold value (identified as RpmD[threshold] in figure 10), in
which the first inner blade 4 is dynamically and operatively decoupled from the second outer blade 5 and rotates
about the vertical axis Y while the second outer blade 5 is steady and the dynamic joining means 7 are in the
uncoupled, rest, passive or inoperative position;

• a second position, defined when the angular speed of the first inner blade 4 has a value not lower than such initial
preset value RpmS and lower than the predetermined threshold value RpmD[threshold], in which the first inner
blade 4 is dynamically and operatively coupled to the second outer blade 5 in such a way that the rotor 41 of the
first inner blade 4 is coupled to the rotor 51 of the second outer blade 5, the blades 4, 5 both rotate around the
vertical linear axis Y simultaneously and integrally with each other and the dynamic joining means 7 take the loading,
working, active or operative position;

• a third position, defined when the angular speed of the second outer blade 5 is not lower than the predetermined
threshold value RpmD[threshold], in which the first inner blade 4 is dynamically and operatively decoupled from the
second outer blade 5 and both blades 4, 5 rotate about the vertical axis Y, however, independently of each other.

[0050] In particular, the dynamic joining means 7 are partially fixed and coupled to the central shaft 2 anchored to the
support structure T, and partially rotationally movable since they are coupled to the first inner blade 4 and to the second
outer blade 5.
[0051] Furthermore, on a merely preferred but not constraining basis, the dynamic joining means 7 are arranged at
an upper end 2a of the central shaft 2, opposite to a lower end 2b of the latter at which the anchoring means 3 are
arranged. Preferably, as shown with greater precision in figure 2, the anchoring means 3 comprise a base plate 8
anchored to the support surface T, a vertical tubular column 9, stably protruding from the upper face 8a of the base plate
8 and in which an end portion 2c of the central shaft 2 is inserted, and a plurality of lateral reinforcement brackets 10
uniformly distributed about the tubular column 9 and fixed (for example by welding) to the side wall 9a of the tubular
column 9 and to the upper face 8a of the base plate 8.
[0052] In an advantageous but not essential manner, the dynamic joining means 7 comprise in this case an active-
type electromechanical mechanism 11.
[0053] According to the preferred embodiment of the invention described herein, the active-type electromechanical
mechanism 10 includes a progressive electromagnetic clutch 12, clearly seen in the enlargement in figure 2a and in
figure 9, electrically connected to the actuation means for the power supply thereof and mounted externally coaxial to
the central shaft 2.
[0054] The energy consumption required for the actuation of the progressive electromagnetic clutch 12 (coupling
energy component) is limited only to the period of time required to start the second outer (Darrieus) blade 5.
[0055] The theoretical consumption of the progressive electromagnetic clutch 12 is in a range between 0 and 60W for
a period of time determined by an electronic control system and managed by the previously defined central processing
and control unit.
[0056] The choice of preferably using a progressive electromagnetic clutch is dictated by the objective of gradually
transmitting the energy from the first inner blade 4 (referred to as Savonius) of the dynamic resistance type to the second
outer blade 5 of the dynamic load-bearing type, overcoming the initial inertia of the latter, but without stalling the former.
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[0057] More specifically, the progressive electromagnetic clutch 12 comprises:

- a first fixed bearing disk 13 coaxially and externally coupled to said central shaft 2;
- a base flange 14, integral with the first inner blade 4, externally coaxial to the central shaft 2 and arranged at the

bottom close to a lower face 13a of the first fixed bearing disk 13;
- a pair of inner windings 15, 16 made of conductive material, facing an upper face 13b of the first bearing disk 13

and electrically powered;
- an anchoring disk 17, externally coaxial to the central shaft 2, made of at least partially magnetic material and facing

above the inner windings 15, 16 with which it magnetically cooperates so that the anchoring disk 17 takes an
operative position in which it is integral with the first bearing disk 13 when the inner windings 15, 16 are crossed by
an electric current, and a non-operative position in which it is moved away and separated from the first bearing disk
13 when the inner windings 15, 16 are not crossed by an electric current and when the angular speed of the second
outer blade 5 reaches and exceeds the predetermined threshold value RpmD[threshold];

- a second bearing disk 18, integral with the second outer blade 5, externally coaxial to the central shaft 2 and arranged
superiorly close to the anchoring disk 17.

[0058] Preferably but not essentially, the progressive electromagnetic clutch 12 also comprises an annular ring 19
made of elastically yielding material (for example cork), interposed between the first fixed bearing disk 13 and the
anchoring disk 17, having the function of cushioning the impact of the anchoring disk 17 against the first bearing disk
13 - or better, of cushioning the movement of the anchoring disk 17 towards the first bearing disk 13 - when the anchoring
disk 17 switches from the non-operative position to the operative position when the inner windings are crossed by an
electric current.
[0059] It’s understood that in other embodiments of the wind microturbine with axial development (or with vertical axis)
of the invention, not illustrated in the following, the progressive electromagnetic clutch could include a number of inner
windings different from that one just described, since this number may vary starting from one based on the constructional
choices.
[0060] With reference to the central shaft 2, it advantageously has a tubular structure and houses the electrical con-
nection cables (not illustrated for simplicity) with which the electric generator means 6 are connected to the actuation
means.
[0061] As regards the first inner blade 4, seen in detail in figures 3, 4 and 5 which also highlight the mechanical system
with which it is fitted to the central shaft 2, it preferably has a helical profile, while the second blade 5 preferably has a
wing profile, seen in figures 1, 2 and 6.
[0062] In addition, for safety requirements in the event of widely turbulent and invasive atmospheric events which may
result in the detachment of the wind microturbine 1 of the invention from the support structure T, each of the blades 4,
5 has a convex or rounded profile (as obtained also from the detail in figure 7 for the second outer blade 5) and is made
of any of the materials capable of satisfying the requirements of lightness, reliability, durability and safety chosen from
the group consisting of aluminum, composite wood, molded plastic (for example polyethylene), glass fiber-reinforced
plastic, combinations thereof and/or the like.
[0063] Furthermore, in some constructional variants the blades may also be hollow and internally provided with a core
in plastic material such as a synthetic aramid fiber (also known by the commercial name of Kevlar) in order to reduce
the risk of the dangerous shattering thereof in the event of breakage or detachment from the central shaft.
[0064] Preferably, advantageously but not necessarily, the electric generator means 6 comprise a first electric generator
20 arranged externally coaxial to the central shaft 2 and operatively connected to the first inner blade 4, and a second
electric generator 21 arranged externally coaxial to the central shaft 2 and to the first electric generator 20 and operatively
connected to the second outer blade 5: in brief, each blade 4, 5 of the wind microturbine 1 of the present invention is
connected to a respective electric generator 20, 21.
[0065] Merely by way of example, the first electric generator 20 is arranged at an axial end 4a of the first inner blade
4 and the second generator 21 is substantially facing the first generator 20 arranged at an axial end 5a of the second
outer blade 5 and close to a lower end 2b of the central shaft 2 at which the anchoring means 3 are arranged.
[0066] Preferentially, each of the aforesaid electric generators 20, 21 comprises a three-phase generator with perma-
nent magnets (for example made of Neodymium (Nd), Iron (Fe) and Boron (B) alloy) in which the stator windings 22 are
integral with the central shaft 2 and arranged inside an external rotor 23 provided with such permanent magnets 24, as
can be seen from figure 8 and which is rotated since it is integral with the respective blade 4, 5: this in order to obtain a
high power density and limited overall dimensions.
[0067] Each of the electric generators 20, 21 is also provided with a double diode bridge (not numbered in the accom-
panying drawings), which allows the operation of the electric generators 20, 21 to be preserved intact and efficiently in
the event of a fault or short circuit.
[0068] Furthermore, as protection of the electric generators 20, 21, it is possible to optionally position, at the outlet of
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each single diode bridge, some arresters (also not numbered in the accompanying drawings) connected to ground and
electric actuators (also not highlighted with a reference numeral).
[0069] Preferably, although not necessarily, the electric generator means 6 also comprise an angular position trans-
ducer 25, otherwise known also as encoder, electrically connected to the actuation means and adapted to measure the
rotation speed of the blades 4, 5: in particular, the angular position transducer 25 is, in the specific case, arranged inside
the rotor 23 of the three-phase permanent magnet generator.
[0070] The choice of providing the electric generators 20, 21 with an encoder 25 to measure the angular speed of the
two systems of blades 4, 5 is fundamental for the following reasons:

• to check the various mechanical and electromechanical elements (for example, the blades 4, 5 in the starting and
braking step thereof);

• to provide in real time an input value to the central processing and control unit (or electronic controller or processor)
to manage the machine and, in turn, provide real data to the MPPT (Maximum Power Point Tracking) algorithms,
in order to most effectively follow the maximum power curve (MPPT).

[0071] In alternative, more used and updated variants of the wind microturbine of the invention, not illustrated, the
rotation speed of the two blade systems can be detected by a regenerative drive as described below, through the
integrated reading of the return currents from the three-phase permanent magnet generator of each of the electric
generators.
[0072] In the wind microturbine 1 of the invention, the presence of several electric generators forming part of different
and distinct sub-turbines allows to extract the maximum electric power from all the turbine subsystems (Savonius blade
4 and Darrieus blade 5) installed, contrary to the background art (see JP20070402239 A and ES 1078572 U, for example)
which typically shows a single electric generator. The coupling of the electric generators 20, 21 to the blades 4, 5 of the
two subsystems (Savonius and Darrieus) will be carried out by the analysis of the SRO parameter (Specific Rated Output,
measured in Kw/m2) which determines the optimal size of the electric generator 20, 21 itself on the basis of the mechanical
energy produced by the specific dimensions of the blades 4, 5 provided by the wind microturbine with axial development
1 of the invention.
[0073] SRO is intended as the parameter which can be calculated with the formula: 

where:

V = volume of air processed;
Cp = coefficient of power;
p = air density.

[0074] A low value of the SRO parameter corresponds to a low Cp, a low shear value and a minimum if not zero initial
inertia, such as to justify the installation of a wind microturbine in sites where the wind speed is quite low, while a high
SRO value indicates a high Cp, a high shear value and a high initial inertia, such as to justify the installation of a wind
microturbine in sites where the wind speed is more relevant.
[0075] Advantageously but merely preferred, the wind microturbine with vertical axis 1 of the invention also comprises
support and sliding means, indicated as a whole with 26, externally and coaxially coupled to the central shaft 2 at one
or more of the rotationally moving members belonging to the blades 4, 5, to the electric generator means 6 and/or to
the dynamic joining means 7 with which they cooperate during rotation about the vertical axis Y.
[0076] In the case being described, the support and sliding means 26 are coupled only to the dynamic joining means
7 and to the electric generator means 6, as can be seen in figures 1-3 and 8.
[0077] More in particular, the support and guide means 26 comprise, for example, an axial rotating bush 27, made of
a material with a low friction coefficient such as for example technopolymer, interposed in this preferred but not limiting
case, only between the dynamic joining means 7 and the first inner blade 4, between the electric generator means 6
and the first inner blade 4 and between the electric generator means 6 and the second outer blade 5.
[0078] It is understood that in alternative embodiments of the wind microturbine with axial development of the invention,
not shown below, the axial rotating bush and, more generally, the support and sliding means, may also be interposed
between the electric generator means and/or between the electric generator means and the dynamic joining means, or
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only between some of the aforesaid rotationally moving members of the wind microturbine itself.
[0079] The installation of the axial rotating bush 27 in the positions described improves the mechanical efficiency of
the wind microturbine 1 in terms of friction, as well as the reliability thereof over time, also considering that sometimes
the installation sites are in environmental and climatic conditions which can be reasonably defined as critical (presence
of rain, salt, sand, smog, industrial fumes and so on).
[0080] The axial rotating bush 27, made of technopolymer, mounted in the claimed wind microturbine 1, has the
following advantageous features:

• excellent resistance to abrasion, in particular to high dynamic loads;
• good friction coefficients;
• excellent resistance to dirt (dust);
• excellent durability even with oscillatory movements;
• operating temperature between -40°C and +135°C.

[0081] It should also be noted that the central processing and control unit is electrically connected to an inverter or,
more precisely, a regenerative frequency converter (also known in electronic jargon as "drive") with automatic learning
of the type per se by now known to those skilled in the art, arranged downstream of the electric generator means 6.
[0082] This regenerative frequency converter (or "drive") is capable of performing a direct and dynamic torque control
of the electric generator means 6, since it is provided with a programmable CPU based on the operating requirements,
generating a counter-torque on the electric generator means 6 (in particular on the first generator 20 and on the second
generator 21), which varies as a function of the parameters read in input thereto, allowing to maintain the production of
electrical energy at the maximum value and thus improving the overall efficiency of the hybrid wind microturbine 1 of
the invention.
[0083] The central processing and control unit associated with the hybrid wind microturbine 1 of the present invention
and, preferably, integrated in the regenerative drive, also allows automatic management of the following functions:

• activation of the progressive electromagnetic clutch 12 when the conditions are optimal;
• progressive activation of the electric generator 20 of the second outer Darrieus blade 5;
• activation of the braking systems to keep the speed of the second outer Darrieus blade 5 stable;
• data supply to the inverter (or frequency converter) to optimize the MPPT (Maximum Power Point Tracking) strategy.

[0084] In fact, the extraction of the maximum wind power, in the theoretical hours available, to be sent to the electricity
grid is one of the most important objectives to be pursued in the design of the control and management of the operation
of the wind microturbine of the invention.
[0085] The microturbines on the market use algorithms which are optimal in stable wind conditions, since they are
based, as already said, on static measurements of the power curves (or torque curves) as a function of the rotational
speed of the blades.
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From literature it can be seen that the optimal place of operation of a wind microturbine is given by the red curves, called
MPPT (Maximum Power Point Tracking) place.
[0086] For the system to work at the maximum capacity thereof, the wind speed and the construction data of the wind
machine must be instantly known.
[0087] By means of the present invention wind microturbine it is possible to measure the instant wind speed and
optimize the efficiency of the process of transforming mechanical energy into electrical energy, even as a function of
the variation of the mechanical efficiency parameters which physiologically deteriorate over time. This is possible, as
previously explained, due for example to the insertion of the encoder 25 in the electric generators 20, 21 close to the
two blade systems 4, 5. Therefore, in the invention the first inner Savonius blade 4, connected to an electric generator
20 provided with an encoder 25, thus becomes a "potential anemometer" allowing to store the data and create a territory
mapping of the wind speeds and their distribution over time: essentially, the wind microturbine 1 of the invention becomes
a detection station.
[0088] Operatively, the operation of the wind microturbine 1 with axial development of the present invention is dia-
grammatically shown in the flow chart in figure 10.
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[0089] As mentioned, the operating method of the wind microturbine 1 of the invention (or method for the production
of electrical energy by means of the wind microturbine 1 with axial development) forms an integral part of the object of
the invention. Starting from a situation where the wind microturbine 1 is mounted on the support structure T and waiting
for the wind (block A), when this rises (block B) and strikes against the wind microturbine 1 (down arrow with Y value),
the first inner Savonius blade 4 begins rotating about the vertical axis Y, the first electric generator 20 operatively
connected thereto begins storing electrical energy and the actuation means start monitoring the RpmS value of the
rotation speed of the first inner blade 4 (block C); in this step, the second outer Darrieus blade 5 rests stationary.
[0090] If (block D) the control underway reveals that, for a given time interval Δt, the RpmS value of the angular speed
of the first inner blade 4 is lower than a preset minimum value RpmS[minimum], only the first inner Savonius blade 4
continues to rotate and produce mechanical energy transformed into electrical energy by the first electric generator 20
operatively connected thereto (block C).
[0091] If, on the other hand, the RpmS value of the angular speed of the first inner blade 4 is higher than the minimum
preset value RpmS[minimum], the dynamic joining means 7 (in particular, in this case, the electromagnetic clutch 12)
are arranged by the actuation means gradually in the aforesaid second position (or load, work, active or operative
position) so that the second outer Darrieus blade 5 also gradually begins to rotate simultaneously with the first inner
blade 4 (block E), becoming integral thereto in motion.
[0092] Immediately thereafter (block F), the actuation means begin monitoring the RpmD value of the angular speed
of the second outer blade 5: if (block G) from this monitoring it is seen that the RpmD value of the angular speed of the
second outer blade 5 is lower than the predetermined threshold value RpmD[threshold], the wind microturbine 1 continues
operating as in the previous state (block E of the block diagram in figure 10).
[0093] If, on the other hand, the RpmD value of the angular speed of the second outer blade 5 is higher than the
predetermined threshold value RpmD[threshold], the actuation means detach or deactivate the dynamic joining means
7 (such as the progressive electromagnetic clutch 12), arranging them in the aforesaid third position, so that the second
outer blade 5 continues rotating simultaneously with the first inner blade 4 but independently therefrom (block H in figure
10) and also the second electric generator 21, operatively connected to the second outer blade 5, begins to store electrical
energy (block I).
[0094] If the RpmD value of the angular speed of the second outer blade 5 is equal to zero, the second outer blade 5
itself is stalled and the operation of the wind microturbine 1 of the invention returns to the previously mentioned block C.
[0095] The dynamic joining means 7, in particular the electromagnetic clutch 12, are also used if, during the control
of the rotation of the second blade 5 (block L in figure 10), the kinetic energy of the wind reaches values such that it is
necessary to brake the rotation of the second outer Darrieus blade 5 to keep the number of revolutions/minute of the
second electric generator 21 close to the nominal value: in this case the system of the current invention takes on an
aerodynamic brake function for the second outer blade 5 having a faster rotation speed.
[0096] Indeed, if the control of the RpmD value of the speed of the second outer blade 5 shows that it is abnormally
lower than the threshold value RpmD[threshold] - which can also be defined as nominal value -, then the actuation
means deactivate the second electric generator 21 (block M in Figure 10) and the process implemented by the wind
microturbine 1 of the invention refers to what has already been described in relation to block F.
[0097] If, on the other hand, the control of the RpmD value of the rotation speed of the second outer blade 5 detects
that this value is not lower (i.e., it is equal to or greater) than the maximum threshold value for the second outer Darrieus
blade 5, the actuation means gradually drive the dynamic joining means 7 (specifically the electromechanical clutch 12)
in the second position (or load, work, active or operative position) already described (block N in Figure 10), dynamically
re-coupling the first inner blade 4 to the second outer blade 5 to slow down the rotation speed of the latter about the
vertical axis Y.
[0098] If the next control (block O in figure 10) of the RpmD value of the speed of the second outer blade 5 indicates
that this value has thus brought the second outer Darrieus blade 5 below the maximum threshold value, the actuation
means again deactivate the progressive electromagnetic clutch 12 of the dynamic joining means 7 (block P of Figure
10), placing them in the third position, so as to return to the operating condition of the wind microturbine 1 of the invention
described above with reference to block I.
[0099] Finally, if the RpmD value of the rotation speed of the second outer Darrieus blade 5 is not lower (or, in other
words, is equal to or greater) than the RpmD[safety] safety value expected for the rotation of this type of blade, the
mechanical locking (block Q in figure 10) of the wind microturbine 1 of the invention occurs by means of the actuation
means.
[0100] To summarize, the Savonius component (that is, the first inner blade 4) of the wind microturbine 1 of the
invention advantageously performs the following multiple functions:

a) determining the kinetic energy of the wind through an instantaneous reading of the speed thereof, carried out by
means of the angular position transducer 25 (or encoder) or by means of the regenerative frequency converter (or
drive);
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b) starting the second outer Darrieus blade 5, overcoming the initial inertia thereof;
c) autonomously producing electrical energy from low wind speeds; in detail, part of the electrical energy produced
by the first electric generator 20 is stored in a buffer battery (not shown) which serves to autonomously power the
auxiliary systems of the wind microturbine 1 as a whole;
d) braking the second outer Darrieus blade 5 in the event of a particularly high wind intensity and resulting angular
speed exceeding the nominal value of the second electric generator 21, in order to keep the number of revolutions
of the second electric generator within the optimum speed 21 connected thereto.

[0101] In summary, therefore, the method of the invention comprises the following operations:

- capturing the kinetic energy of the wind and transforming it into mechanical energy exclusively through the rotation
generated by the wind of the first inner blade 4 of the dynamic resistance type about the vertical axis Y defined by
the central shaft 2 anchored to the support structure T;

- transforming the mechanical energy produced by the first inner blade 4 into electrical energy and storing it in the
electric generator means 6;

- upon exceeding a preset minimum value (RpmS[minimum]) of the angular speed of the first inner blade 4, progres-
sively starting the rotation about the vertical axis Y of the second outer blade 5 of the dynamic load-bearing type as
well, coupled to the central shaft 2 and externally coaxial to the first blade 4;

- capturing the kinetic energy of the wind and transforming it into mechanical energy also by means of the rotation of
the second outer blade 5;

- transforming, by the electric generator means 6, the mechanical energy produced by the second outer blade 5 into
electrical energy, when the angular speed of the second blade 5, under the action of the wind, reaches and exceeds
a predetermined threshold value (RpmD[threshold]), set according to the dimensions of the blades 4, 5 and greater
than the minimum preset value (RpmS[minimum]) of the angular speed of the first inner blade 4.

[0102] According to the invention, when the angular speed of the second outer blade 5 reaches and exceeds the
predetermined threshold value (RpmD[threshold]), the rotation of the second outer blade 5 is made independent from
the rotation of the first inner blade 4 and both the second outer blade 5 and the first inner blade 4 remain operatively
connected to the electric generator means 6 so that (unlike what is offered by the prior art) the simultaneous rotation of
both the second outer blade 5 and the first inner blade 4 about the vertical axis Y results in the production of electrical
energy.
[0103] In particular, the aforesaid operation of making the rotation of the second outer blade 5 independent from the
rotation of the first inner blade 4 is automatically managed by a central processing and control unit available to an
operator. Preferably, suitably but not bindingly, the starting of the second outer blade 5 occurs by transferring to the
second outer blade 5 itself a part of the mechanical energy which was previously produced by the first inner blade 4
driven by the wind and which serves to overcome the initial inertia (as mentioned, rather significant) of the second outer
blade 5.
[0104] Furthermore, again preferably but not exclusively, after exceeding the minimum preset value (RpmS[minimum])
of the angular speed of the first inner blade 4 and after rotationally starting the second outer blade 5, the first inner blade
4 and the second outer blade 5 are integral in rotary motion about the vertical axis Y: in other words, they suitably rotate
according to an agreed rotation direction (for example counterclockwise) about the vertical axis Y.
[0105] It is understood that in further applications of the method of the invention, the first inner blade and the second
outer blade will be able to rotate according to discordant rotation directions (one clockwise and the other counterclockwise,
and vice versa) about the vertical axis, thereby reducing the disturbance created by the exhaust turbulence.
[0106] According to the preferred form of application of the method of the invention described herein, the operation
of making the rotation of the second outer blade 5 independent from the rotation of the first inner blade 4 consists in
deactivating the dynamic joining means 7 by which the blades 4, 5 are coupled to each other, arranging them in a position
so that the dynamic joining means 7 dynamically and operatively release the first inner blade 4 from the second outer
blade 5 and both such blades 4, 5 rotate about the vertical axis Y in an autonomous and independent manner with
respect to each other, always remaining operatively connected to the electric generator means 6 to both produce electrical
energy. Preferably but not necessarily, the method of the invention further comprises the operation of braking the rotation
of the second outer blade 5 without interrupting the production of mechanical energy to be transferred to the electric
generator means 6: this operation is performed if the value (RpmD) of the rotation speed of the second outer blade 5 is
not less than the nominal threshold value provided by the electric generator means 6 and takes place by re-coupling or
making dynamically integral with each other the second outer blade 5 and the first inner blade 4 which, rotating, thereby
acts as an aerodynamic brake for the second outer blade 5.
[0107] The excess mechanical energy is discharged through the dynamic joining means 7 towards the rotor of the
first inner blade 4 and transformed by the electric generator 20 connected thereto: otherwise the excess mechanical
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energy would be disadvantageously dispersed.
[0108] This sort of safety system, by recovering the surplus mechanical energy beyond the nominal power limit of the
generator, prevents the electric generators 20, 21 from irreparably collapsing, sometimes creating harmful and dangerous
fires. Therefore, at the light of the description provided above it’s understood how the hybrid-type wind microturbine with
axial development (or with vertical axis) and the operating method of a wind microturbine with axial development, both
object of the present invention, achieve the purposes and reach the advantages yet mentioned. In particular, in addition
to what has already been highlighted, the wind microturbine of the invention advantageously comprises mechanical
components made of materials with high mechanical strength and low specific weight.
[0109] The wind microturbine with axial development of the invention is capable of capturing an amount of kinetic
energy provided by the wind in a given time span greater than that which is obtainable with the hybrid-type wind micro-
turbines of the background art.
[0110] Furthermore, the wind microturbine of the present invention ensures low vibration levels and low noise levels,
is easy to transport and install also in buildings in urban contexts, and can also be installed in several modules close
together in the same site, to form a mini wind farm.
[0111] It should be emphasized that, despite the presence of active components (such as an electronic control board
comprising the central processing and control unit defined above, as well as the progressive electromagnetic clutch),
the overall energy balance of the wind microturbine of the invention remains in any case always positive.
[0112] This in a greatly improved manner with respect to the background art, shown for example in the prior documents
JP20070402239 A and ES 1078572 U, where among other aspects, it must be considered that the second outer Darrieus
blade always remains dynamically coupled to the central shaft and above all to the first inner Savonius blade, resulting
in a negative and useless dispersion of electrical energy, which is instead avoided by the hybrid wind microturbine of
the invention. The choice not to use passive components in the wind microturbine of the invention was dictated by two
considerations:

• the presence of a central programmable processing and control unit, preferably integrated into the regenerative
drive, allowing the reconfiguration of the constructional assembly at any time (even remotely), through firmware and
algorithm updates following a possible loss of efficiency of the mechanical components which could make a possible
static control program inadequate;

• passive components (axis with freewheel mechanisms, adding mechanisms) are subject to greater wear (normally
equipped with springs on moving parts) and can significantly vary the calibration, after only a few months.

[0113] Furthermore, the central processing and programmable control unit provided by the wind microturbine of the
invention is configured with mathematical formulas and customized logic cycles with the aim of monitoring in real time
the actuators, the charge/discharge controller of the accumulators, the dynamic joining means (such as an electromag-
netic clutch) and the turbine stopping system in situations of strong wind (safety brake).
[0114] In addition, the control and management system of the wind microturbine of the present invention is designed
to simultaneously manage, within a single site, a microturbine farm arranged in series one after the other, so as to
increase the power produced without increasing the dimensions of the wind microturbine of the invention, which for
architectural and safety reasons should not generally exceed about 3 meters in height.
[0115] The possibility of configuring a micro wind farm optimizing the electronic component creates an interesting
economy of scale on the selling prices of wind microturbines with axial development: indeed, the economic investment
will be unique for the control component, scalable and modular for the mechanical and generative part based on the
power demand of the end customer.
[0116] Upon execution, changes could be made to the wind microturbine with axial development (or with vertical axis)
of the present invention, consisting, for example, of a different composition and distribution on the central shaft of the
electric generator means and/or of the two inner and outer blades from those described above and seen in the accom-
panying drawings.
[0117] For instance, in an even more performing but economically more demanding and costly configuration, the
electric generator means could include a pair of second electric generators operatively connected to the second outer
(Darrieus) blade, arranged at respective and opposite axial ends of such a second blade; in this case, the dynamic
joining means of the blades can be arranged below the first inner blade, facing one of the second electric generators of
the second outer blade, while the first electric generator, operatively connected to the first inner blade, can be arranged
above the first inner blade and facing the other one of the second electric generators.
[0118] In addition to this, there may be other embodiments of the wind microturbine with axial development exclusively
claimed herein, not illustrated in the appended figures, in which the dynamic joining means may have a different con-
structional concept than the preferred one described above, with the aid of the following figures, which does not affect
the advantage provided by the present invention. Finally, it’s clear that many other variants could be made to the wind
microturbine with axial development concerned, without departing from the novelty principles inherent in the inventive
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idea, as it’s clear that while effectively implementing the invention, materials, shapes and sizes of the details shown may
be any according to the requirements and may be replaced by other technically equivalent elements. Where the con-
structional features and techniques mentioned in any successive claims are followed by reference signs or numerals,
such reference signs were introduced for the sole purpose of increasing intelligibility of the claims themselves, and
therefore such reference signs have no limiting effect on the interpretation of each element identified by way of example
only by such reference signs.

Claims

1. A wind microturbine (1) with axial development comprising:

- a central shaft (2) extending mainly along a vertical axis (Y) and provided with anchoring means (3) adapted
to be coupled to a support structure (T);
- a first inner blade (4) of the dynamic resistance type, externally coupled to said central shaft (2) and adapted
to be rotated about said vertical axis (Y) by the wind to which it is exposed and which impacts against it to
capture the kinetic energy thereof and transform it into mechanical energy;
- a second outer blade (5) of the dynamic load-bearing type, coupled to said central shaft (2) and arranged
externally coaxial to said first blade (4), adapted to be rotated about said vertical axis (Y) by the wind to which
it is exposed and which impacts against it to capture the kinetic energy thereof and transform it into mechanical
energy;
- electric generator means (6), applied to said central shaft (2) and operatively connected to each of said blades
(4, 5), adapted to transform said mechanical energy into electrical energy to be provided to users;
- dynamic joining means (7), applied to said central shaft (2) and coupling said first blade (4) and said second
blade (5) together,

characterized in that the dynamic joining means (7) cooperate with actuation means so as to:

• make said rotation of said second outer blade (5) independent of said rotation of said first inner blade (4);
• simultaneously keep both said second outer blade (5) and said first inner blade (4) operatively connected to
said electric generator means (6) so that both blades (4, 5) produce electrical energy,

when the angular speed of said second outer blade (5), under the action of the wind, reaches and exceeds a
predetermined threshold value (RpmD [threshold]), set based on the dimensions of said blades (4, 5).

2. Microturbine (1) according to claim 1), characterized in that said actuation means comprise a central processing
and control unit available to an operator, electrically connected to an electric power source and to said dynamic
joining means (7).

3. Microturbine (1) according to claim 1) or 2), characterized in that said actuation means arrange said dynamic
joining means (7) alternately in at least:

• a first position, defined when said angular speed of said first inner blade (4) has a value lower than a minimum
preset value (RpmS[minimum]) which is lower than said predetermined threshold value (RpmD[threshold]), in
which said first inner blade (4) is dynamically and operatively decoupled from said second outer blade (5) and
rotates about said vertical axis (Y) while said second outer blade (5) remains stationary;
• a second position, defined when said angular speed of said first inner blade (4) has a value not lower than
said minimum preset value (RpmS [minimum]) and which is lower than said predetermined threshold value
(RpmD[threshold]), in which said first inner blade (4) is dynamically and operatively coupled to said second
outer blade (5) such that a rotor (41) of said first inner blade (4) enters in pairs with a rotor (51) of said second
outer blade (5) and said blades (4, 5) both rotate about said vertical axis (Y) simultaneously and integrally with
each other;
• a third position, defined when the value of said angular speed of said second outer blade (5) is not lower than
said predetermined threshold value (RpmD[threshold]), in which said first inner blade (4) is dynamically and
operatively decoupled from said second outer blade (5) and both of said blades (4, 5) rotate about said vertical
axis (Y) independently from each other.

4. Microturbine (1) according to any of the preceding claims, characterized in that said dynamic joining means (7)
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are partially fixed and coupled to said central shaft (2) and partially rotationally movable, since they are coupled to
said first inner blade (4) and to said second outer blade (5).

5. Microturbine (1) according to any of the preceding claims, characterized in that said dynamic joining means (7)
are arranged at an upper end (2a) of said central shaft (2), opposite to a lower end (2b) at which said anchoring
means (3) are arranged.

6. Microturbine (1) according to any of the preceding claims, characterized in that said dynamic joining means (7)
comprise an active-type electromechanical mechanism (11).

7. Microturbine (1) according to claim 6), characterized in that said active-type electromechanical mechanism (11)
includes a progressive electromagnetic clutch (12) electrically connected to said actuation means for the supply
thereof.

8. Microturbine (1) according to claim 7), characterized in that said progressive electromagnetic clutch (12) comprises:

- a first fixed bearing disk (13) coaxially coupled to said central shaft (2);
- a base flange (14), integral with said first inner blade (4), externally coaxial to said central shaft (2) and arranged
at the bottom close to a lower face (13a) of said first bearing disk (13);
- at least one inner winding (15, 16) made of at least partially magnetic material, facing an upper face (13b) of
said first bearing disk (13) and electrically powered;
- an anchoring disk (17), externally coaxial to said central shaft (2), made of conductive material facing above
said inner winding (15, 16) with which it cooperates magnetically so that said anchoring disk (17) takes an
operative position in which it is integral with said first bearing disk (13) when said inner winding (15, 16) is
crossed by an electric current, and a non-operative position in which it is moved away and separated from said
first bearing disk (13) when said inner winding (15, 16) is not crossed by an electric current and when said
angular speed of said second outer blade (5) reaches and exceeds said predetermined threshold value (Rp-
mD[threshold]);
- a second bearing disk (18), integral with said second outer blade (5), coaxial to said central shaft (2) and
arranged superiorly close to said anchoring disk (17).

9. Microturbine (1) according to claim 8), characterized in that said progressive electromagnetic clutch (12) comprises
an annular ring (19) made of elastically yielding material, interposed between said first fixed bearing disk (13) and
said anchoring disk (17), adapted to cushion the movement of said anchoring disk (17) towards said first bearing
disk (13) when switching from said non-operative position to said operative position when said inner winding (15,
16) is crossed by an electric current.

10. Microturbine (1) according to any of the preceding claims, characterized in that said central shaft (2) has a tubular
structure and houses the electrical connection cables through which said electric generator means (6) and said
dynamic joining means (7) are connected to said actuation means.

11. Microturbine (1) according to any of the preceding claims, characterized in that said first inner blade (4) has a
helical profile and said second outer blade (5) has a wing profile.

12. Microturbine (1) according to any of the preceding claims, characterized in that each of said blades (4, 5) has a
convex profile and is made of any of the materials capable of satisfying requirements of lightness, reliability, durability
and safety chosen from the group consisting of aluminum, composite wood, molded plastic, glass fiber-reinforced
plastic, combinations thereof and/or the like.

13. Microturbine (1) according to any of the preceding claims, characterized in that said electric generator means (6)
comprise at least a first electric generator (20), arranged externally coaxial to said central shaft (2) and operatively
connected to said first inner blade (4), and at least a second electric generator (21) arranged externally coaxial to
said central shaft (2) and to said first electric generator (20) and operatively connected to said second outer blade (5).

14. Microturbine (1) according to claim 13), characterized in that said first electric generator (20) is arranged at an
axial end (4a) of said first inner blade (4) and said second generator (21) is arranged at an axial end (5a) of said
second outer blade (5) and close to a lower end (2b) of said central shaft (2) at which said anchoring means (3) are
arranged.
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15. Microturbine (1) according to claim 13) or 14), characterized in that each of said electric generators (6) comprises
a three-phase generator with permanent magnets, in which the stator windings (22) are integral with said central
shaft (2) and arranged inside a rotor (23) provided with said permanent magnets (24).

16. Microturbine (1) according to any of the preceding claims, characterized in that said electric generator means (6)
comprise an angular position transducer (25) electrically connected to said actuation means and adapted to measure
said rotation speed of said blades (4, 5).

17. Microturbine (1) according to any of the preceding claims, characterized in that it includes support and sliding
means (26) externally and coaxially coupled to said central shaft (2) at one or more of the rotationally moving
members belonging to said blades (4, 5), to said electric generator means (6) and/or to said dynamic joining means
(7) with which they cooperate during the rotation about said vertical axis (Y).

18. Microturbine (1) according to claim 17), characterized in that said support and guide means (26) comprise an axial
rotating bush (27), made of a material with a low friction coefficient, interposed between said dynamic joining means
(7) and said first inner blade (4), between said electric generator means, between said electric generator means (6)
and said first inner blade (4), between said electric generator means (6) and said second outer blade (5), and/or
between said electric generator means and said dynamic joining means.

19. Method of operating a wind microturbine (1) with axial development comprising the following operations:

- capturing the kinetic energy of the wind and transforming it into mechanical energy exclusively through the
rotation generated by the wind of a first inner blade (4) of the dynamic resistance type about the vertical axis
(Y) of a central shaft (2) anchored to a structure support (T);
- transforming said mechanical energy produced by said first inner blade (4) into electrical energy and storing
it in electric generator means (6);
- upon exceeding a preset minimum value (RpmS[minimum]) of the angular speed of said first inner blade (4),
progressively start the rotation about said vertical axis (Y) of a second outer blade (5) of the dynamic load-
bearing type as well, coupled to said central shaft (2) and externally coaxial to said first blade (4);
- capturing the kinetic energy of the wind and transforming it into mechanical energy also by means of said
rotation of said second outer blade (5);
- transforming, by said electric generator means (6), said mechanical energy produced by said second outer
blade (5) into electrical energy when the angular speed of said second blade (5), under the action of the wind,
reaches and exceeds a predetermined threshold value (RpmD[threshold]), set based

on the dimensions of said blades (4, 5) and greater than said preset minimum
value (RpmS[minimum]) of said angular speed of said first blade (4), characterized in that, when said angular
speed of said second outer blade (5) reaches and exceeds said predetermined threshold value (RpmD[threshold]),
said rotation of said second outer blade (5) is made independent of said rotation of said first inner blade (4) and
both said second outer blade (5) and said first inner blade (4) remain operatively connected to said electric generator
means (6) so that said simultaneous rotation of both said second outer blade (5) and said first inner blade (4) about
said vertical axis (Y) results in the production of electrical energy.

20. Method according to claim 19), characterized in that said operation of making said rotation of said second outer
blade (5) independent of said rotation of said first inner blade (4) is managed automatically by a central processing
and control unit.

21. Method according to claim 19) or 20), characterized in that said starting of said second outer blade (5) occurs
through the transfer to said second outer blade (5) of a part of said mechanical energy which was previously produced
by said first inner blade (4) driven by the wind and which serves to overcome the initial inertia of said second outer
blade (5).

22. Method according to claim 19), 20) or 21), characterized in that after said exceeding of said preset minimum value
(RpmS[minimum]) of said angular speed of said first inner blade (4) and after said operation of starting said second
outer blade (5), said first inner blade (4) and said second outer blade (5) are integral in the rotary motion about said
vertical axis (Y).

23. Method according to any of the claims 19) to 22), characterized in that said operation of making said rotation of
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said second outer blade (5) independent of said rotation of said first inner blade (4) consists in deactivating dynamic
joining means (7) arranging them in a position such that said dynamic joining means (7) dynamically and operatively
decouple said first inner blade (4) from said second outer blade (5) and both said blades (4, 5) rotate about said
vertical axis (Y) independently of each other, remaining operatively connected to said electric generator means (6)
to both produce electrical energy.

24. Method according to any of the claims 19) to 23), characterized in that it comprises the operation of braking said
rotation of said second outer blade (5), performed if the value (RpmD) of said rotation speed of said second outer
blade (5) is not less than the nominal threshold value expected by said electric generator means (6) and dynamically
coupling said second outer blade (5) to said first inner blade (4) which, by rotating, thus acts as an aerodynamic
brake for said second blade (5).
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